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sea on board of a ship is therefore extremely complex and a feat of engineering requiring 

top-quality PU products.  

Offshore pipe-laying is characterised by the installation of oil or gas pipes on the seabed, 

up to approx. 2000 meters under sea level, using a specific pipe-laying vessel. Due to the 

complexity of the task, only high-performance PU product can be used. 

For these sectors of end-use, the polyurethane is required to have excellent mechanical, 

friction and dynamic properties. Key properties include: 

- Mechanical strength: A high mechanical strength is necessary to handle the 

extreme loads applied on the polyurethane.  

- Dynamic load bearing capacity: The PU products must be able to withstand the 

extreme dynamic loads encountered in these industry sectors. 

- Deflective/compression behaviour: Due to the complexity of pipe laying and 

monopile installation, the PU products need to have a very specific and accurate 

compressive/deflective behaviour, which does not change with time. 

- Coefficient of friction: A high coefficient of friction is important for tensioner pads 

in order to maintain grip during end-use. 

- Adhesion: High bonding strengths are necessary to maintain adhesion between 

the PU and substrates. If delamination occurs, this could lead to major costs, 

equipment damage and even fatalities. 

In addition, LUC UK’s heavy-duty roller, tensioner pads and spring blocks have high 

durability, high reliability and excellent fatigue properties due to several factors: 

The remoteness of the location where the part is used. The ships work dozens or hundreds 

of kilometres from the shore. Downtime due to PU product failure or resulting accidents 

forces the ships to interrupt their ongoing operations and return to port, which costs 

energy, causes delays in the project and causes financial loss. 

The dangers associated with a PU product failure are high. The failures could cause 

tremendous damage to the ship and lead to injury or loss of life. The poor accessibility of 

the location is a compounding factor for rescue operations. In addition, it is impossible to 

retrieve a pipe/cable/monopile that is lost at sea. 

As safety plays an important role in these industry sectors and the end-use are highly 

complex, LUC UK needs to provide their clients with high-performance polyurethane 

products. Such high-performance polyurethanes are achieved when using MOCA as a chain 

extender/curing agent. 

MOCA – a core ingredient in the manufacture of high-performance polyurethane 

MOCA has a long and successful history as a flexible chain extender that leads to excellent 

PU material properties. MOCA-cured polyurethanes are recognised, both by moulders and 

end-users, as high-quality, high reliability and high-performance products. MOCA key 

advantages include: 

- Long pot-life: it allows the casting of large volumes (e.g. the heavy-duty rollers 

covered by this use). Long pot-life results in less rejected products during 
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tensile strength, but also insufficient dynamic load bearing capacity, deflective/ 

compression behaviour, coefficient of friction, fatigue properties and reliability. In some 

cases, the pot-life was so short, it was not even possible to cast the products at all. These 

materials are therefore unsuitable for use in the high-performance polyurethane PU 

products for the offshore energy and renewables sectors. 

In addition to technical limitations, the alternative PU materials had higher environmental 

loads. The alternatives had one or more of the following limitations in terms of 

sustainability: 

- Lower fatigue properties

o This results in products having shorter durability thus, the PU parts need to

be changed or recovered more often. This increases the amount of wastes

generated.

- Shorter pot-lives

o Some PU systems have shorter pot-life, which increases the risk for

delamination (i.e. separation of the PU layer from the substrate). This

shortens the product’s lifetime.

- Longer curing times and higher energy consumption

o Longer curing times means that more oven space will be needed to equal

the output achieved with MOCA PU and for a longer time. This also translates

into higher energy consumption and production costs (especially considering

the current energy price levels in Europe) as curing is carried out at elevated

temperatures.

o Some chain extenders need higher processing temperatures as they have

higher melting points compared to MOCA and/or they crystallise at lower

temperatures. This results into higher energy consumption.

- Higher scrap rate

o Some PU systems have shorter pot-life and/or they are complex to process.

Both increases the number of defects in PU, which leads to a higher rejection

of products (higher scrap rate).

End users have no motivations to change to non-MOCA based PU products 

LUC UK’s customers (the end-users) are accustomed to TDI/MOCA-PU products. Changing 

to non-MOCA based PU products would require end-users to switch to relatively untested 

products for installations that have long service life and where any downtime for repair, 

maintenance or replacement will result in lost production time. Furthermore, the current 

non-MOCA based products are more expensive to produce while their performance may 

be lower at best, at worst, the non-MOCA based products do not work at all. As LUC UK’s 

customers have no driver to transfer to non-MOCA based products, there is a very real 

risk that customers prefer to stick with what they know and stay with TDI/MOCA-PU 

products. If LUC UK’s customers were in the same situation where they would also need 

to find alternatives, the situation would be easier in that the goal would be a common one. 

However, the current situation is that LUC UK’s customers are only concerned about price 

and performance. 

TDI/MOCA-PU products from outside of the UK distorts the market 

LUC UK’s customers can easily switch to non-UK moulders. As the finished PU products do 

not contain any MOCA, they are not affected by authorisation thus, non-UK moulders can 
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continue freely to place their MOCA-cured PU products on the UK market. LUC UK has to 

compete with these non-UK moulders, which puts them in a vulnerable position in that at 

any time, LUC UK’s customers may leave them for a non-UK moulder. Therefore, any non-

MOCA based products LUC UK manufacture must perform at least as well as their 

TDI/MOCA-counterparts. This also means that it is essentially impossible for LUC UK to 

reflect the substitution costs (estimated at 850-962 k GBP) or the higher production costs 

in the price of the non-MOCA based products. 

Note that, in the non-use scenario LUC Group would close LUC UK’s production and 

business. LUC Group would relocate LUC UK’s entire production to its facilities in the EU. 

Review period 

LUC Group has made extensive efforts to find a suitable replacement and substitute for 

MOCA in the manufacture of their PU products. LUC Group tested several dozens of non-

MOCA based curatives and polyurethane systems, including like-for-like diamine 

alternatives, chain extender blends and non-TDI polyurethane systems. 

LUC Group has an extensive knowledge of polyurethane chemistry. They have been using 

both MOCA-based and non-MOCA based PU systems for several decades (e.g. NDI systems 

since 1973 and PPDI systems since 1987). Thus, the characteristics, advantages and 

drawbacks of the PU systems currently available on the market are well-known to LUC 

Group. LUC Group has substituted MOCA wherever it was possible (e.g. PU products with 

lower technical requirements or where pot-life of the material was not problematic). 

However, for the high-performance PU products, such as the PU products for the offshore 

energy and renewables sectors, the alternatives were found to lack the required pot-lives, 

mechanical and dynamic properties. Therefore, the present authorisation application 

covers the products for which no suitable alternatives were found.   

LUC UK took several factors into account when deriving the review period requested in 

this application. These are the following: 

- LUC Group has tested several dozens of alternatives to MOCA since 2009 however,

none of the alternatives have been suitable to replace MOCA in the production of

high-performance polyurethanes for heavy-duty rollers, tensioner pads and spring

blocks covered by Use 2.

- It is currently uncertain when a non-MOCA chain extender that can produce a high-

performance and high durability polyurethane material that fulfils every key

technical requirements would be available on the market.

- LUC UK is fully dependent on alternative providers to develop new chain

extenders/PU systems, thus it can easily take several years before a suitable

alternative is available.

- Even if an alternative was to become available, the successful substitution of MOCA

with another chain extender or polyurethane system will take many years. It is a

time-consuming process requiring extensive testing as well as verification trials at

end-user facilities.

- The established reputation of MOCA-cured polyurethanes as high-quality material,

alongside the continued availability of MOCA-cured PU products originating from

outside the UK make the task of finding a substitute to MOCA more complicated.

In order to remain competitive, LUC UK would either need to provide an alternative
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PU product performing as well as their MOCA counterparts for the same price or a 

better performing product for a higher price. 

- The most likely non-use scenario is to close the business in the UK and relocate the 

MOCA-cured manufacture in LUC Group’s facilities in the EU (where their use is 

authorised). 

- The monetised benefits of the continued use of MOCA for Use 2 are 0.09 M GBP per 

year. 

- The monetised risks of the continued use of MOCA for Use 2 are 0.000005 M GBP 

per year. 

- The benefits outweigh the risks ca. 18,000 times. 

Taking into account these factors, LUC UK selected a long review period of 12 years. LUC 

Group has developed an R&D plan consisting of five phases, which are discussed in further 

details in Chapter 4.1.3 in the AoA-SEA report of Use 1 of this application.  
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MOCA use in the manufacture of cast polyurethanes is intermediate use as per 

Article 3(15) of the REACH Regulation 

LUC Group considers that its use of MOCA in the manufacture of polyurethane as described 

in this application fulfils the definition of intermediate use as per Article 3(15) as clarified 

in the ruling of the 2017 European Court of Justice ruling in case C-650/15 P. However, as 

it is not yet clear to LUC Group how to demonstrate this to the relevant authorities in the 

UK, it is submitting this application as a contingency measure.  

When MOCA was proposed for inclusion on the candidate list, it was stated in the Annex 

XV dossier2 that MOCA use in the manufacture of polyurethanes was not an intermediate 

use based on a definition of intermediates given in the ECHA Guidance from 2010.3  

Specifically 

According to the guidance on intermediates (ECHA  2010) document a substance should not 

be regarded as intermediate as soon as the main aim of the chemical process is not to 

manufacture another substance, but rather to achieve another function, specific property, 

or a chemical reaction as an integrated part of producing articles (semi-finished or finished). 

In accordance with this statement, the end use described above and the use as curing agent 

described in section 2.2.1 cannot be regarded as use of MOCA as intermediate. Similarly, it 

appears not possible to consider the use of MOCA as a cross-linking agent as use of the 

substance as intermediate. 

Based on this understanding, an upstream application was submitted to cover downstream 

users of MOCA as a chain-extender/curing agent in the manufacture of polyurethanes.4 

LUC Group is a downstream user of MOCA covered by this upstream application under 

transitional arrangements. However, in October 2017, the European Court of Justice has 

ruled in Case C-650/15 P that ECHA in its 2010 definition on intermediates has added a 

condition that is not in the legal text.5 Specifically  

Article 3(15) of that regulation contains no additional criterion allowing a differentiation to 

be made according to whether that purpose was primary or secondary in nature or 

examination of whether or not the chemical process by which one substance is transformed 

into another is indistinguishable from the end use for which that substance is intended. 

In this ruling, the Court found that by failing to classify acrylamide, in the context of the 

process of transformation into polyacrylamide for grouting purposes, as an ‘intermediate’, 

the General Court, by adding a condition that is not laid down in Article 3(15) of the REACH 

regulation, misinterpreted that provision.  

2 The documents are available on the ECHA website at https://echa.europa.eu/fi/registry-of-svhc-intentions/-

/dislist/details/0b0236e180e49371  
3 ECHA Guidance on Intermediates, V.2, 2010, available at https://echa.europa.eu/guidance-

documents/guidance-on-reach  
4 Details of the application are available on the ECHA website at https://echa.europa.eu/applications-for-

authorisation-previous-consultations/-/substance-

rev/15329/term? viewsubstances WAR echarevsubstanceportlet SEARCH CRITERIA EC NUMBER=202-918-

9&_viewsubstances_WAR_echarevsubstanceportlet_DISS=true  
5 Judgment of the Court (First Chamber) of 25 October 2017, Polyelectrolyte Producers Group GEIE (PPG) and

SNF SAS v European Chemicals Agency, Case C-650/15, available at 

http://curia.europa.eu/juris/document/document.jsf?text=&docid=195945&pageIndex=0&doclang=EN&mode=

lst&dir=&occ=first&part=1&cid=596449  



ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS 

Use number: 2  LUC (UK) Limited 
21 

Considering this ruling in the context of MOCA use in the manufacture of polyurethane, 

MOCA use also fulfils the definition of intermediate use and the statement to the contrary 

given in the Annex XV dossier is based on criteria that are not in the legal text. Following 

the rationale given in the court decision,5 three conditions need to be fulfilled for the use 

of a substance to be capable of being regarded as use of an intermediate. The first of those 

conditions concerns the intended purpose at the time of the manufacture and use of a 

substance as an intermediate, which consists of transforming that substance into another. 

The second condition concerns the technical means by which that processing takes place, 

namely a chemical process known as ‘synthesis’. The third condition restricts the scope of 

the definition of ‘intermediate’ to uses of a substance which remains confined to a 

controlled environment, which may be either the equipment within which synthesis takes 

place, or the site in which the manufacturing and synthesis takes place or to which that 

substance is transported, ‘site’ being defined in Article 3(16) of the REACH Regulation as 

a ‘single location’ in which infrastructure and facilities are installed.  

Applying these criteria to the use of MOCA in the manufacture of PU, it can be seen that 

as the intended use at the time of the manufacture and use of MOCA is to transform it into 

another substance, the first of these three conditions is satisfied. MOCA is used in the 

manufacture of another substance during which it is itself transformed into that other 

substance, namely polyurethane.  The use of MOCA to manufacture polyurethane at LUC 

Group’s site also fulfils the other two criteria; namely that the reaction can be described 

as synthesis and is confined to a controlled environment.  

Consequently, LUC Group consider their use of MOCA to be intermediate use and that 

authorisation is not required for this use. The reasoning is given below.  

LUC Group has also considered the draft update of the ECHA guidance on intermediates 

that was made available in March 2022.6 The guidance update was initiated in light of the 

court ruling and gives the three conditions that must be fulfilled for a use to be considered 

“intermediate use”. 

Considering the 1st condition, the draft guidance states that this condition is fulfilled when 

the following conditions are met; 

• it can be demonstrated that the intermediate substance has been manufactured

and used with the intention to be transformed into another substance

• it can be demonstrated that the intermediate substance has been actually

transformed into another substance

• Information can be provided on the identify the other substance into which the

intermediate has been transformed

These conditions are fulfilled as MOCA is manufactured is manufactured and supplied to 

be used as a reactant in the manufacture of polyurethanes. MOCA is consumed in the 

reaction to yield a polymer substance, polyurethane.  

6 Draft presented at the 44th Meeting of Competent Authorities for REACH and CLP (CARACAL) 23 March 2022

under agenda point 4.3 Open session on “Intermediates – ECHA revised guidance document and REACH 

revision” 
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Considering the 2nd condition, the draft guidance states it is fulfilled when the following 

conditions are met;   

• it can be demonstrated that the transformation of the intermediate substance into

another substance (link to condition 1) takes place in the context of a chemical

process and a specific equipment is used for this process;

• that chemical process is a ‘synthesis’ process;

• it can be demonstrated that, to avoid risks for human health and the environment,

the intermediate substance remains contained after its manufacturing throughout

the whole chemical process. The containment of the intermediate substance must

be ensured by technical means at the site (for an on-site isolated intermediate) or

during the transport/storage at the site where it is later used (for a transported

isolated intermediate).

These conditions are fulfilled as MOCA is used at an industrial site in dedicated equipment 

for the manufacture of polyurethanes. The process is synthesis whereby the reactants 

including MOCA are transformed to a polymer substance, polyurethane. MOCA is 

transported from the site of manufacture (in Suzhou, China) to the site of use in sealed 

drums. The drums are solely opened in a glove box and fed via a closed system to a casting 

machine.  

Considering the 3rd condition, the draft guidance states that this condition is fulfilled when 

the following conditions are met; 

• it can be demonstrated that the equipment or site where the chemical processing

takes place is a controlled environment ensuring the confinement of the

intermediate substance through technical means avoiding risks for human health

and the environment (link to condition 2) where transformation to another

substance takes place (link to condition 1);

• it can be demonstrated that in case the intermediate substance is removed from

the equipment during the chemical process, the intermediate substance remains

confined to a controlled environment through technical means avoiding risks for

human health and the environment (link to condition 2).

These conditions are fulfilled as MOCA is used at an industrial site in dedicated equipment 

where technical and organisation controls are in place to avoid risks to human health and 

the environment. For the automated polyurethane production process, MOCA is confined 

to the casting machine. For the semi-automated process, liquid MOCA is dispensed from 

the storage unit in the casting machine to a vessel, after which it is transferred to a closed 

reaction vessel where MOCA reacts with the other reactants under stirring to yield 

polyurethane. 

In conclusion, for the reasons outlined above MOCA use in the manufacture of 

polyurethanes as described in this application fulfil the criteria to be considered as 

intermediate use. As it is not yet clear how LUC Group would document its decision, it is 

submitting this application as a contingency measure. 
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2. AIMS AND SCOPE

 Aims of the analysis 

LUC (UK) Limited (referred to as LUC UK from here on) is producing high-performance hot 

cast polyurethane elastomers using 2,2’-dichloro-4,4’-methylenediamine (“MOCA”), which 

is classified as carcinogen (Carc. 1B) under UK REACH. MOCA is not considered to be a 

threshold carcinogen and, therefore, the adequate control of risks arising from its use 

cannot be demonstrated in accordance with Annex I, section 6.4 of UK REACH, for the 

uses applied for. LUC UK is preparing this Application for Authorisation covering two uses 

to ensure continuity of their business and providing suitable polyurethane products to their 

current customer base because LUC UK is vulnerable to their customer base switching to 

suppliers outside the UK. 

LUC UK is a downstream user of MOCA in the supply chain of Suzhou Xiangyuan New 

Materials Co., Ltd. (Suzhou) and their use of MOCA is currently covered by the application 

submitted under EU REACH by REACHLaw acting as only representative for Suzhou under 

Brexit transitional arrangements, as the Commission has not yet taken a decision on the 

application. LUC Group submitted a downstream user application to cover its use at 4 sites 

in the EEA on 20.05.2020 and the ECHA opinion on this application was issued to the 

Commission for decision making on 28.07.2021. Details of the application are available on 

the ECHA website. As this application was submitted before the end of the Brexit transition 

period, it included also use at the UK site. Since the 01.01.2021, the UK site is now under 

UK REACH and the application submitted under EU REACH is not relevant. LUC UK is 

submitting this application to cover use at the UK site. 

The aim of this combined Analysis of Alternatives (AoA) and Socio-economic Analysis 

(SEA) report is to: 1) demonstrate that no suitable alternative substances or technologies 

are implementable by LUC UK before the sunset date; and 2) to demonstrate that the 

socio-economic benefits of the continued use of MOCA outweigh the risks to human health 

and environment. 

In particular this document will provide: 

1. Details of the specific polyurethanes manufactured using MOCA

2. Details of the technical requirements of these products (heavy-duty rollers,

tensioner pads and spring blocks) used in the offshore energy and renewables

sectors

3. The rationale for why there are no suitable alternatives available at this time

4. The benefits from continued use exceed the monetised risks to workers significantly

This Analysis of Alternatives (AoA) and Socio-economic Analysis (SEA) report has been 

prepared by LUC (UK) Limited as the applicant, addressing its of MOCA in the UK. The 

substitution strategy of LUC Group is discussed in the AoA-SEA report of Use 1 of this 

application. 
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 LUC Group 

For the description of LUC Group, please see Chapter 2.2 in the AoA-SEA report of Use 1 

of this application. 

 Supply chain 

For the description of the supply chain, please see Chapter 2.3 in the AoA-SEA report of 

Use 1 of this application. 

 Scope of the analysis 

 Geographical scope 

For the description of the geographical scope, please see Chapter 2.4.1 in the AoA-SEA 

report of Use 1 of this application. 

 Temporal scope 

For the description of the temporal scope, please see Chapter 2.4.2 in the AoA-SEA report 

of Use 1 of this application. 
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3. ANALYSIS OF ALTERNATIVES

 SVHC use applied for 

 Introduction to cast polyurethane and their chemistry 

For an introduction to PU chemistry, please see Chapter 3.1.1 in the AoA-SEA report of 

Use 1 of this application. 

 Description of the functions(s) of MOCA and performance 

requirements of associated products 

 Description of the technical function provided by MOCA 

The technical function of MOCA is the same in both of the uses covered by this application. 

Please refer to Chapter 3.1.2.1 of Use 1 for additional information on MOCA’s technical 

function. 

 Properties of MOCA 

For a description of the properties of MOCA, please see Chapter 3.1.2.2 in the AoA-SEA 

report of Use 1 of this application. 

 Description of the technical requirements that must be achieved 

by the products made with MOCA 

PU products cured with an alternative curing agent must have the same technical 

properties as the TDI/MOCA PU products in order to be used in the offshore energy and 

renewables sectors. In some cases, alternative curing agents have been shown to perform 

as well or even better than MOCA in regard to an individual technical property however, 

none of the alternative PU material has the same high-performance and high reliability 

characteristics that a MOCA PU material has. 

For the parts covered by this use, the most important technical requirements relate to 

material properties as follows:  

▪ Mechanical strength: A high mechanical strength is necessary to handle the loads

that are applied on the PU-covering. The loads are extremely high especially in the

renewable industry but also in the offshore energy industry. A PU with insufficient

mechanical strength will powder or crack rendering the part unusable.

▪ Dynamic load bearing capacity: Parts have to withstand extreme dynamic loads

in these industries. A PU with insufficient dynamic load bearing capacity will build

up temperature and melt (degrade) or start cracking/fail.

▪ Deflective/compression behaviour: Parts need to have very specific and

accurate compressive and deflective behaviour, which does not change with time.

▪ Fatigue: Fatigue behaviour is an important factor in terms of product life and

durability. Parts with low fatigue resistance will need to be changed more often.

▪ Coefficient of friction: A high coefficient of friction is important for tensioner pads

to maintain grip of the pipe or cable. Insufficient friction can lead to accidents, loss

of pipe/cable, damage to equipment and harm workers.
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For driven heavy duty rollers (i.e. powered by a motor), a high coefficient of friction 

is also required as they need to maintain a good grip on the pipes, cables and 

monopiles. 

For non-driven heavy duty rollers, CoF is not a key requirement. 

▪ Adhesion: Adhesion is important as a strong bond between the substrate and the

polyurethane must be formed. A weak bond between the two materials will lead to

failures, equipment damage and the part will need to be replaced.

▪ Resistance to environmental factors: Parts need to excel in harsh

environmental and meteorological conditions. They must withstand frost as well as

high temperatures (up to 60°C) and high humidity. In addition, products must be

resistant to alkaline and acidic conditions, mineral oils and sea water.

▪ Reliability: It represents the likelihood of the product to perform its intended

function for the defined period of usage and under the defined operating conditions

in a manner that customer requirements are either met or exceeded.

As is clear from the descriptions of the pipe and cable laying and monopole

installation for wind turbines, LUC UK’s PU products have high reliability

requirements for offshore energy and renewable applications. This is due to several

factors:

- The remoteness of the location where the part is used. The ships work

dozens or hundreds of kilometres from the shore. Accidents forces the ships

to interrupt its ongoing operation and return to port, which costs energy

and causes delays in the project and financial loss.

- The dangers associated with a failure are high. Failure of a component (e.g.

the gripper releases its grip on the monopole) could cause tremendous

damage to the ship and lead to injury or loss of life. The poor accessibility

of the location is a compounding factor for rescue operations.

Proven reliability is therefore a critical parameter for LUC UK’s products thus, the 

PU products cured with an alternative chain-extender must be as reliable as MOCA-

cured PU products. When purchasing LUC UK’s products, the Applicant’s clients are 

expecting a highly reliable product. If LUC UK fails to deliver such a product, LUC 

UK’s clients will switch to non-UK moulders who can continue the use of MOCA to 

obtain the reliable products they have the confidence in. In this case LUC UK would 

lose its customer base, which would have a negative economic impact on LUC UK’s 

business. 

Safety plays an important role in the offshore energy and renewable industries due 

to the high risks involved with these applications. Each customer will have its own 

safety protocols for accepting new products.  

For heavy duty rollers, the key technical requirements are: mechanical strength, dynamic 

load bearing, a high CoF (only for driven rollers), adhesion, fatigue, resistance to 

environmental factors and reliability. 

For friction or tensioner pads, the key technical requirements are: mechanical strength, 

deflective/compression behaviour, fatigue, high coefficient of friction (especially at higher 

contact pressures), adhesion, resistance to environmental factors and reliability. 
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For spring blocks, the key technical requirements are: mechanical strength, dynamic load 

bearing, deflective/compression behaviour, fatigue, resistance to environmental factors 

and reliability.  

All these properties in combination contribute to the quality and success of LUC UK’s high-

performance PU products in these sectors of use. The material properties are based on 

customer specifications for the products covered by this use. Therefore, non MOCA-based 

PU products need to fulfil these criteria to be considered “suitable”. 

The technical requirements listed above are used in this AoA to assess the performance of 

alternative PU materials compared with their TDI/MOCA counterparts. For quantitative 

definitions of the technical requirements (including minimum, maximum and typical values 

for the technical properties), please refer to Table 8 in Chapter 3.2.4 in the AoA-SEA report 

of Use 1 of this application. Resistance to environmental factors is not assessed as the 

curing agent does not have an influence on this property. The type of polyol used in the 

prepolymer and the use of certain additives affect the resistance to environmental factors. 

 Market analysis of products manufactured with MOCA 

 Description of the products resulting from the use of MOCA 

LUC UK’s MOCA based high-performance PU product portfolio for Offshore and Renewable 

Energy sectors comprises of 3 different product types: 

I. Heavy duty rollers

II. Friction or tensioner pads

III. Spring blocks

These products are used for offshore installation work, in pipe and cable laying equipment 

or equipment for the manufacture and installation of monopiles (part of a windmill 

structure, see renewable energy section in Chapter 3.1.3.1.1 for detailed information). 

In general, for all three product types, the parts are made to order for the vessel or project 

where they will be used. The shape and size of the part are determined by the customer’s 

specifications. LUC UK’s high-performance PU products are required to perform to 

specification for several years in the harsh weather conditions of offshore applications, 

resisting wear while maintaining optimum strength, flexibility and friction properties. 

Currently, there is no established alternative to TDI/MOCA PUs that customers trust for 

these applications. For the three product types, it can be said that all are used in harsh 

environments that have high-performance and reliability requirements meaning that high-

performance material is needed.  

I. Heavy duty rollers

Heavy duty rollers are typically medium to large sized rollers, with diameters in the range 

of 0.3-1.5 m and lengths in the range of 0.5-2 m. These rollers usually consist of a steel 

roller body with a polyurethane covering of approximately 2.5-10 cm thickness. Figure 2 

and Figure 3 show examples of such rollers. 

The primary function of these rollers is to convey pipes or cables on board the vessel and 

to deploy pipes or cables into the sea. The cover material on the rollers must be elastic in 

nature to avoid damage to the pipe or cable. High-performance PU is needed as the loads 

applied to these rollers can be very high, the rolling resistance of the material needs to be 

low and the material has to be suitable for the harsh marine environment.  
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III. Spring blocks

Spring blocks are used in the same equipment as the tensioner pads. These are usually 

polyurethane blocks with various geometries, specifically designed to achieve an exact 

defined deflection at a certain compressive load. This exact deflection also has to be 

constant over time, without being significantly impacted by fatigue and by the marine 

environment. Figure 6 shows an example of a spring block. 

Figure 6. Spring block 

3.1.3.1.1. Sectors of use 

Offshore pipe laying 

Historically, the offshore pipe laying sector consisted primarily of the installation of 

offshore pipelines for the traditional Oil & Gas industry. Although this is no longer a growing 

market, there will still be a demand for these products in the future, both for the 

installation of new projects as well as for decommissioning work. 

In this section, LUC UK gives an overview of pipe laying to give contextual information on 

why products with high reliability and high-performance are necessary.7 Pipes used in 

offshore applications to transport gas or oil are installed using a specific pipe-laying vessel. 

Two methods are typically used in the installation: the S-Lay or J-Lay installation method. 

Tensioner pads are key components of the machinery used in the S-Lay method of pipe-

laying. In this method, as shown in Figure 7, a supporting structure protruding from the 

vessel (referred to as a stinger) is used to lay the pipeline under water. The stinger, which 

is mostly submerged, controls the first bend (the overbend) of the pipeline. The pipe also 

forms a second bend (the sag bend) where it touches the seabed. There is tremendous 

pressure applied on this bend arising from the pipe’s submerged weight that needs to be 

counterbalanced by tension applied via tensioner pads on board of the vessel. Tensioner 

7 For additional information on pipe-laying process, please see the following videos:

• Part 1: https://www.youtube.com/watch?v=EyrdjqEiTZc (9:10)

− From 0:40 to 1:45, a render of a pipe-laying vessel can be seen. Heavy duty rollers and

tensioner pads can be seen on multiple occasions.

− At 2:10 a pipe-laying ship is showed along with its specifications.

− Tensioner pads can be seen at 3:30 (top-most part of cradles), 4:00 and very briefly in other

parts of the video.

− Heavy duty rollers can be seen at 4:35-5:00, 5:43-5:49, 7:03-7:08 and 8:03-8:20.

• Part 2: https://www.youtube.com/watch?v=Dc2i06331qQ (9:39)

− Tensioner pads can be seen at 0:27-0:50, 1:52-2:02, 3:00-3:14, 4:19-4:40, 4:51-4:54,

5:00-5:09, 5:51-5:56 and 6:04-6:06.

− Heavy duty rollers can be seen at 4:51-4:54, 7:30-7:49 and 7:55-8:50 (rollers on the

stinger).
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pads are therefore critical in preserving the integrity of the pipes and a successful 

installation of subsea oil and gas pipelines. 

Figure 7. Principle of the S-lay installation method. Tensioner pads are inside the vessel. Heavy 

duty rollers are situated on the stinger and inside the vessel 

The J-Lay installation method is preferred in areas with very deep waters. In the J-Lay 

pipe-laying, as shown in Figure 8, the pipeline is lowered into the water using a nearly 

vertical ramp. Here as well, the tensioner pads are critical to control the sag bend and 

prevent damage to the pipe. 

Figure 8. Principle of the J-Lay installation method. Heavy duty rollers and tensioner pads are 

situated on the ramp 

In both methods, heavy duty rollers are used either on deck and on the stinger in the 

S-Lay method or on the ramp in the J-Lay method to safely move the pipes for welding.

High-performance PU is required to move the pipes safely without damaging them.

Damaged pipes pose a severe safety and environmental risk.
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The tensioner pads are even more critical. Insufficient friction or loss of integrity of the 

pads due to insufficient strength could not only damage of the pipe, but also to lead to 

complete loss of the pipe. This is a severe safety risk, as this could lead to fatalities 

and ultimately even loss of an entire vessel. 

Both the rollers and tensioner pads are used in harsh environments where high reliability 

and high-performance are critical. 

Renewable Energy 

A growing and more recent application for LUC UK’s high-performance PU products is the 

installation of offshore wind parks, as a source of renewable energy, as shown in Figure 

9. LUC UK’s products are mainly used for the manufacture, shipping and installation of

monopiles, which are the foundations of wind turbines. As wind turbines need to be

connected to the power grid, extensive cable laying work are required. The equipment

used for cable laying is also used for pipe laying.

Figure 9. Offshore wind park showing wind turbines as well as a substation used to connect the 

turbines to the power grid 

Figure 10 shows a basic configuration of an offshore wind turbine. The wind turbine 

standing on a transition piece (yellow) with underneath a foundation pile, or a so called 

monopile. Monopiles can nowadays typically be up to 100 meters long, have a diameter 

of up to 11 meters and a weight of about 1500 tonnes. The limit has not been reached 

yet, the turbines keep getting bigger, as well as the monopiles, as can be seen in Figure 

11. Therefore, also the equipment keeps getting bigger and the challenges for the PU

heavy duty rollers keep increasing.
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Figure 10. Typical configuration of an offshore wind turbine8 

Figure 11. Increase in size of offshore wind turbines 

Figure 12 shows a monopile and Figure 13 shows a monopile on top of a heavy duty roller 

during its manufacture. 

8 Hoeksema, 2014
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As it can be seen from the table, the alternatives have many limitations, which makes 

them non-suitable alternatives to TDI/MOCA. The assessment of TDI / Blend 5 ether 

prepolymer system is not included in the table above as the assessment hasn’t been 

completed yet. Further testing is ongoing as explained in Chapter 3.3.1.2.4. 

In terms of technical feasibility, while some alternative cured PUs may perform as well or 

even better than TDI/MOCA PUs in regards to an individual technical property but do not 

have the same performance for all key technical requirements for Use 2 products. PU 

dynamic load bearing capacity is a major issue in the alternative TDI systems. There are 

also issues with PU tensile strength, reliability and fatigue in these systems. End-users are 

particularly sensitive to reductions in PU durability as this increase their costs (parts need 

to be changed or recovered more often resulting in more frequent downtimes). The NDI 

and PPDI based systems on the other hand give PUs with excellent load bearing capabilities 

but their deflective behaviour is completely different and their Coefficients of Friction are 

too low. In addition, their pot-lives are shorter thus, heavy duty rollers cannot be casted. 

The lower technical properties of alternative PU products is not only a performance issue 

but also a safety risk. Offshore installation work requires extreme precision and the 

requirements on the PU parts are high. They must be highly reliable, durable and behave 

in a predictable way to prevent disastrous accidents. In addition, the adhesion of the PU 

to the roller cores or metal plates must be flawless. Delamination can cause significant 

equipment damage or even fatalities. 

Monopiles or pipes have the risk of sliding during transport if the tensioner pads they are 

resting on have too low coefficient of friction. All three product types have the risk of 

powdering and cracking if their tensile strengths are insufficient. These defects may cause 

the pipes, monopiles or cables to slip causing accidents involving equipment damage, 

causing harm to workers or lead to fatalities. In worst cases, the entire vessel may sink.  

Availability is an issue for many of the alternatives, especially in the volumes needed by 

LUC Group to replace MOCA, keeping in mind that substitution related decisions are taken 

on a Group level. Only the PPDI-based systems are readily available in sufficient quantities. 

The full substitution of MOCA would however, require a tonnage update of LUC Group’s EU 

REACH registration dossier to 10-100 t/y (LUC Group would act as the supplier for LUC 

UK). As the lead registrant, LUC Group would need to make a significant investment to 

upgrade their registration dossier. 

In terms of economic feasibility, the implementation of alternatives would require 

significant investments from LUC UK (an estimated 490-546 k GBP in total). The estimate 

covers the purchase of new equipment and machinery (casting machines, feeders, curing 

ovens etc.), labour costs (R&D personnel, production workers etc.), administrative and 

regulatory costs. For additional information, please refer to the substitution costs section 

in Chapter 4.1.3.1 of the AoA-SEA report of Use 1 of this application 

The production costs of all alternatives are higher than the ones for MOCA. All alternatives 

have higher raw material costs, as high as 13 times the price of MOCA. In addition, many 

of the alternatives have higher energy costs and scrap rates. Economically, this is a major 

issue for LUC UK due to i) distortion of the market by TDI/MOCA-PU products from outside 

the UK and ii) the lack of motivation of the end-users. 

i. As the finished PU products do not contain any MOCA, they are not affected by the

ban. Thus, non-UK moulders can continue freely to place their TDI/MOCA-PU
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products on the UK market. LUC UK has to compete with these products both in 

terms of price and performance. This puts LUC UK in the vulnerable position where 

their clients (the end-users) may leave them for a non-UK moulder at any time. 

Thus, any non-MOCA based products LUC UK manufactures must perform at least 

as well as their TDI/MOCA-counterparts. This means that it is essentially impossible 

for LUC UK to reflect the substitution costs and the higher production costs in the 

price of the alternative PU products.  

ii. LUC UK’s customers are accustomed to use TDI/MOCA-PU products and they have

no motivations of changing. As demonstrated in the previous sections, the

alternative PU products are more expensive to produce while their performances

are lower. LUC UK’s customers have little motivation to pay more for a relatively

non-proven PU product that potentially performs worse during end-use (over the

lifetime of the article). As LUC UK’s customers have no driver to transfer to non-

MOCA based products, there is a very real risk that they prefer to stick with what

they know and stay with MOCA/TDI PU products. If LUC UK’s customers were in

the same situation where they would also need to find alternatives, the situation

would be easier in that the goal would be a common one. However, the current

situation is that end-users are only concerned about price and performance.

In conclusion, in order to remain competitive, LUC UK would either need to provide an 

alternative PU product performing as well as their TDI/MOCA counterparts for the same 

price or a better performing product for a higher cost. The alternatives discussed fulfil 

neither.  
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4. SOCIO-ECONOMIC ANALYSIS

 Continued use scenario 

 Summary of substitution activities 

For the summary of substitution activities, please see Chapter 4.1.1 in the AoA-SEA report 

of Use 1 of this application 

 Conclusion on suitability of available alternatives in general 

There are currently no suitable alternatives to MOCA for the manufacture of the high-

performance PU products covered by this use. Therefore, LUC Group will need to continue 

their R&D efforts to find a suitable replacement. As all the potential alternatives currently 

available on the market have already been tested by LUC Group, it is uncertain when a 

new potential alternative to MOCA for the products covered by this application can be 

found. LUC Group has defined an R&D plan in case a suitable alternative is found. 

 R&D plan 

For the description of the R&D plan, please see Chapter 4.1.3 in the AoA-SEA report of 

Use 1 of this application. 

The R&D plan is valid for both Use 1 and Use 2. 

 Factors affecting substitution 

For the description of the factors affecting substitution, please see Chapter 4.1.3.1 in the 

AoA-SEA report of Use 1 of this application. 

 List of actions and timetable with milestones 

For the description of the list of actions and timetable with milestones, please see Chapter 

4.1.3.2 in the AoA-SEA report of Use 1 of this application. 

 Monitoring of the implementation of the R&D plan 

For the description of the monitoring of the implementation of the R&D plan, please see 

Chapter 4.1.3.3 in the AoA-SEA report of Use 1 of this application. 

 Conclusions 

For the description of the conclusions, please see Chapter 4.1.3.4 in the AoA-SEA report 

of Use 1 of this application. 

 Risks associated with continued use 

 Impacts on humans 

For the impacts on humans, please see Chapter 4.2.1 in the AoA-SEA report of Use 1 of 

this application. 

 Number of people exposed 

For the information on the number of people exposed, please see Chapter 4.2.1.1. in the 

AoA-SEA report of Use 1 of this application. 
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 Impacts on environmental compartments 

Environmental impacts are not relevant for the proposed identification of the substance as 

an SVHC in accordance with article 57 (a & b).  

 Compilation of human health and environmental impacts 

For the information on human health and environmental impacts concerning overall uses 

of MOCA by LUC UK, please see Chapter 4.2.3. in the AoA-SEA report of Use 1 of this 

application. 

The sum of fatal and non-fatal cancer risk value of LUC UK’s use (worker + local + regional) 

in 2021 price level is approx. 0.00013 M GBP based on the lower value and 0.00020 M 

GBP based on the higher value with the maximum forecasted tonnage. The average per 

year for the higher bound is 0.000017 M GBP. 

Monetised cancer risk related to Use 2: 

32 % * 0.000017 M GBP per year = 0.000005 M GBP 

This figure is taken forward to the comparison of benefits and risks. 

 Non-use scenario 

For the description of the non-use scenario, please see Chapter 4.3. in the AoA-SEA report 

of Use 1 of this application. 

 Summary of consequences of non-use 

For the summary of consequences of non-use, please see Chapter 4.3.1. in the AoA-SEA 

report of Use 1 of this application. 

 Identification of plausible non-use scenarios 

For the identification of plausible non-use scenarios, please see Chapter 4.3.2. in the AoA-

SEA report of Use 1 of this application.  

 Conclusion on the most likely non-use scenario 

For the conclusion on the most likely non-use scenario, please see Chapter 4.3.3. in the 

AoA-SEA report of Use 1 of this application.  

 Societal costs associated with non-use 

 Economic impacts on LUC UK 

For the derivation of overall economic impacts on LUC UK, please see Chapter 4.4.1. in 

the AoA-SEA report of Use 1 of this application. 

Summary of monetised impacts on LUC UK 

The total negative economic impact on LUC UK is summarised in Table 28. 
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In conclusion, the societal cost of non-use outweighs the risk on continued use significantly 

(0.09 M GBP versus ca. 0.000005 M GBP (5 GBP). The benefit-cost ratio compares how 

many times the benefits outweigh the costs, and the result is 18,000 times. 

 Sensitivity analysis 

For the sensitivity analysis, please see Chapter 4.6. in the AoA-SEA report of Use 1 of this 

application.  

 Information to support for the review period 

Despite the extensive R&D work conducted by LUC Group, there is currently no suitable 

alternative to replace MOCA as a curing agent/chain extender in the production of the 

high-performance PU products covered by this application. There are several issues with 

the alternatives currently on the market, which includes poor mechanical and dynamic 

properties of the alternative PU, low CoF, pot-life issues, high production costs and 

availability issues.  

LUC UK is requesting for a review period of 12 years. As currently there are no suitable 

alternatives to replace MOCA in the manufacture of their high-performance PU products, 

LUC Group will need to look for and test new alternatives that could provide products with 

the same technical properties as MOCA. This is a lengthy process and there are 

uncertainties when a new potential alternative will be available. In addition, the 

substitution work itself takes years to complete due to the rigorous testing and customer 

trials required. Please see the substitution plan report submitted with this application for 

additional information. 

In Table 33, the criteria set by the Committees for Socio-economic Analysis (SEAC) and 

Risk Assessment (RAC) for requesting a long review period are presented along with how 

LUC UK’s situation reflects these criteria. As it can be seen, LUC UK’s situation fulfils the 

criteria for a long review period of 12 years. In particular, LUC UK has demonstrated that 

there is no suitable alternative for MOCA in the manufacture of the high-performance PU 

products concerned by this use. LUC Group has conducted extensive research and testing 

on potential alternatives since 2009. These R&D efforts have already cost LUC Group more 

than 0.5 M GBP. 
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5. CONCLUSION

The aim of this combined Analysis of Alternatives (AoA) and Socio-economic Analysis 

(SEA) report was to: 1) demonstrate that no suitable alternative substances or 

technologies are implementable by LUC UK by the expiry of the extended sunset date 

MOCA under UK REACH passes on 30th of June 2022 and 2) to demonstrate that the socio-

economic benefits of the continued use of MOCA outweigh the risks to human health and 

environment. 

Since June 2009, LUC Group has tested dozens of non-MOCA based chain extenders and 

polyurethane systems including like-for-like diamine alternatives, chain extender blends 

and non-TDI PU systems. As it can be seen from the AoA, all the alternatives tested have 

many limitations making them unsuitable to replace TDI/MOCA in LUC’ UKs production of 

high-performance PU products in this use.  

In terms of technical feasibility, the mechanical and dynamic properties of some 

alternatives is too low especially in terms of load bearing capacity and mechanical 

strength. For some PU systems, PU CoF is also an issue. In addition, many alternative PU 

systems have issues with PU fatigue, reliability and system pot-life. End-users are 

particularly sensitive to reductions in reliability and fatigue as this increase their costs 

(parts need to be changed or recovered more often resulting in more frequent downtimes). 

The lower technical properties of alternative PU products is not only a performance issue 

but also a safety risk. Only high-performance PU is suitable to be used in Use 2 products 

as failures could cause tremendous damage to the ship and lead to injury or loss of life. 

Some alternatives are also currently unavailable or have limited availability, which further 

complicates the substitution of MOCA.  

In terms of sustainability, the alternative PU materials had higher environmental loads 

compared to MOCA PU. The main reasons behind the lower sustainability of alternative 

PU’s include lower fatigue properties, longer curing times, higher energy needs and/or 

higher scrap rate. This results into higher amounts of waste generated and higher energy 

consumption to produce the same amount of PU parts. 

In addition to having lower technical performance, alternatives are also more expensive. 

All alternatives have higher raw material costs, as high as 13 times the price of MOCA and 

many also have higher energy costs and scrap rates. This is a major issue for LUC UK due 

to the distortion of the market by TDI/MOCA-PU products from outside of the UK and the 

lack of motivation of the end-users (LUC UK’s customers).  

LUC UK’s customers are accustomed to use TDI/MOCA PU products and they have no 

motivation to pay more for a relatively non-proven PU product that potentially performs 

worse during end-use. As LUC UK’s customers have no driver to transfer to non-TDI/MOCA 

based PU products, there is a very real risk that they prefer to stick with what they know 

and stay with MOCA-TDI PU products. If LUC UK’s customers were in the same situation 

where they would also need to find alternatives, the situation would be easier in that the 

goal would be a common one. However, the current situation is that end-users are only 

concerned about price and performance.  

In conclusion, LUC UK has to compete with competitor products coming from outside the 

UK both in terms of price and performance. Thus, in order to remain competitive, LUC UK 
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would either need to provide an alternative PU product performing as well as their MOCA 

counterparts for the same price or a better performing product for a higher cost. The 

alternatives currently available on the market fulfil neither. 

The most likely non-use scenario for LUC UK would be business closure and the TDI/MOCA 

high-performance PU production would be relocated to LUC Group’s facilities in the EU. 

The UK society would benefit from the business closure only in terms of reduced cancer 

risk for the workers and general population. The human health value, the risk of continued 

use of MOCA for society for Use 2, is 0.000005 M GBP (5 GBP) per year. The benefit of 

continued use of MOCA for society are the avoided cost of the non-use scenario (the 

producer’s surplus cost, decommissioning cost, corporate tax loss and societal cost from 

job losses). For Use 2, the benefit is 0.09 M GBP per year. The benefit-risk ratio of the 

continued use of MOCA for Use 2 is ca. 18,000 (0.09 M GBP / 0.000005 M GBP). The 

benefits outweigh the risks significantly. 

As outlined in Chapter 1, MOCA use at the LUC UK site fulfils the three conditions for 

“intermediate use” as given in the European Court of Justice (C -650/15/P5) decision and 

further clarified in the revised ECHA guidance of March 20226. Intermediate use is exempt 

from the authorisation requirement. LUC UK is submitting this application as a contingency 

measure as it is not yet clear how to document this decision for the relevant authorities in 

the UK.  
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